Abstract. We present the outcomes of a very recent investigation of the decay constants of nonstrange and strange heavy-light beauty vector mesons, with special emphasis on the ratio of any such decay constant to the decay constant of the corresponding pseudoscalar meson, by means of Borel-transformed QCD sum rules. Our results suggest that both these ratios are below unity.
RELATING HADRONIC FEATURES AND PARAMETERS OF UNDERLYING THEORY
QCD sum rules are relations between observable properties of hadrons and the parameters of QCD -the quantum field theory governing strong interactions -, found by evaluating correlation functions of time-ordered nonlocal products of operators interpolating the hadron under consideration simultaneously at the hadronic level, by insertion of a complete set of states, and at the QCD level, by means of Wilson's operator product expansion (OPE). The resulting correlator Π can be expressed in terms of a perturbative contribution of the form of a dispersion integral of a spectral density ρ pert and a non-perturbative (NP) or "power" contribution involving so-called "vacuum condensates". A Borel transformation to the Borel variable τ removes subtraction terms and suppresses higher hadronic contributions:
The lower limit of the integral of the hadron spectral density ρ hadr involves the mass M P of the lightest relevant meson P. Assuming these higher hadronic contributions to compensate all the perturbative QCD contributions above the effective threshold s eff (τ) results in the sum rule sought, where we take the liberty to label its QCD side the dual correlator Π dual :
The perturbative-QCD spectral density, ρ pert , in form of its expansion in powers of the strong coupling α s (µ) in the MS renormalization scheme involving the b-quark's pole mass M b , is presently available up to three-loop accuracy [11, 12] :
Conversion to the b-quark's mass m b (ν) defined in the MS renormalization scheme is effected, for known r 1 , r 2 [13] , by
For generality, we allow the renormalization scales of the strong coupling, µ, and of the b-quark mass, ν, to be unequal. Upon adopting as starting point of such QCD sum-rule analysis the interpolating vector current j µ (x) ≡q(x) γ µ b(x), a (mutatis mutandis) similar formalism may be established for studying the features of the beauty vector mesons B * , B * s .
ADVANCED EXTRACTION OF HADRON FEATURES, SUCH AS DECAY CONSTANTS
In the course of applying QCD sum rules, two steps demand particular consideration: the reasonable choice of the Borel variable and the determination of the behaviour of the effective continuum threshold as a function of this Borel variable.
Borel working window. The optimization of the extracted QCD sum-rule predictions for hadron observables provides two constraints that delimit, from both below and above, the interval of acceptable values of the Borel parameter τ: the relative contribution of the ground state (which increases with increasing value of τ) to the correlator should be sufficiently large and the relative magnitude of the power corrections should remain under control (which becomes increasingly difficult for rising value of τ). For, e.g., the pseudoscalar mesons B and B s , this confines τ to the range 0.05 GeV
Effective continuum threshold. The effective threshold s eff (τ) serves to encode the way all higher contributions from perturbative QCD are dealt with by assuming an exact cancellation against the hadronic excitations and continuum and thus constitutes, in addition to the perturbative spectral density and the power corrections, a crucial ingredient of the QCD sum-rule method. In order to formulate a criterion for finding the function s eff (τ), we introduce, for the example of the B meson, the (τ-dependent) dual mass M dual (τ) and dual decay constant f dual (τ) by the definitions, obviously inspired by the particular way these two hadron characteristics enter in the Borelized QCD sum rule (1),
In order to infer the dependence on τ of the effective threshold from the knowledge of the meson mass M B , we start from an ansatz for s eff (τ), for which (because of the limited τ range) it is sufficient to use a polynomial of degree n,
and determine the expansion coefficients, s
j , by minimizing the squared differences of the squares of dual meson mass and measured meson mass over a set of N equidistant points τ i in the adopted Borel interval, i.e., the quantity
Uncertainties of decay constants from the advanced extraction algorithm for QCD sum rules
All OPE parameters and the limited accuracy of the QCD sum-rule method add to the uncertainties of its predictions.
OPE-related error. Assuming Gaussian distributions for all parameters entering in the OPE except for the scales µ, ν, for which we assume uniform distributions in the range 3 GeV ≤ µ, ν ≤ 6 GeV, bootstrapping yields a distribution of decay constants close to a Gaussian shape. Thus, we feel save if regarding the OPE-related error to be Gaussian.
Systematic error. We estimate this intrinsic error from the spread of results from linear through cubic ansatzes s (n)
eff (τ).
DECAY CONSTANTS OF PSEUDOSCALAR ( f f f B B B ) VS. VECTOR BEAUTY MESONS ( f f f B B B * * * )
Having pinned down the variationally optimal effective-threshold polynomial s (n) eff (τ) for fixed n, it is straightforward to extract the QCD sum-rule prediction for the dual decay constants of B, B s , B * , B * s . As OPE input, we use the more or less standard numerical values for MS-scheme quark masses, strong coupling, and lowest-dimensional vacuum condensates
Optimization of our results requires careful choices of both renormalization scheme (defining the heavy-quark mass) and renormalization scale. In principle, QCD sum-rule results for observables should not depend on such technicalities. Truncations of perturbative expansions to finite powers of α s and of power corrections to vacuum condensates of lowest dimensions, however, induce a clearly unphysical dependence on renormalization details. Confidence in our findings is, of course, strengthened if we can arrange for a distinct hierarchy of the various contributions to the correlator. However, unlike the charmed-meson case, where we found only a mild renormalization-scale sensitivity, the beauty-meson decay constants and, in particular, their ratios f B * • Using the b-quark's pole mass, we obtain no perturbative hierarchy. All contributions are of roughly the same size.
• In the MS scheme, perturbative convergence depends on µ and may be achieved by adopting a sufficiently large µ.
• All plots shown in Fig. 2 
